One-dimensional oscillating flow models are very useful for designing pulse tubes. They are simple to use, not computationally intensive, and the physical relationship between temperature, pressure and mass flow are easy to understand when described with phasor diagrams. They do not possess, however, the ability to directly calculate thermal and momentum diffusion in the direction transverse to the oscillating flow. To account for transverse diffusion effects, either parameter corrections must be obtained through experimentation, or solutions to the twodimensional differential fluid equations must be found.
INTRODUCTION
A previous paper 1 that examined the scaling parameters for pulse tubes is based on a twodimensional analysis of anelastic oscillating and compressible low Mach number flow of a gas contained in a tube of thin but finite wall thickness.
2 Anelastic flows are characterized by low Mach numbers and oscillating frequencies much less than system resonance frequency. This approximation is appropriate when acoustic and shock wave energies are negligible relative to the energy needed to compress and expand the bulk gas.
3 For a tube radius and a tube wall thickness of and smaller than the tube length, respectively, and for a tube with z axial coordinate scaled from 0 to 1, where the cold end is at the scaling reduces the problem to 8 dimensionless groups. These groups are shown in Table 1 . The parameters and determine anelasticity. For an anelastic approximation holds. Linearization of the fluid equations applies with the added constraint
The superscript starred '*' quantities in Table 1 are dimensional quantities. The tilde '~' quantities are complex and result from using complex embedding, for the linear solutions where is the real part of the bracketed complex quantity, is the amplitude, and is the phase angle. The velocity phase angle between the locations and is which is scaled from 0 to 1 (corresponding to 0° to 360°). The phase angle of velocity at is taken to be zero. The velocity amplitude ratio is given by Three of the dimensionless groups are relevant to transverse (radial) diffusion: the Valensi number, Va, is the squared ratio of tube radius to viscous diffusion length; the Prandtl number, Pr, is the squared ratio of viscous diffusion to gas thermal diffusion lengths; and the Fourier number of the tube wall, Fo, is the squared ratio of thermal diffusion length in the wall to the tube wall thickness. This paper explores the use of Va, Pr and Fo in providing lumped-parameter corrections of transverse diffusion for one-dimension models.
